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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vertical alignment liquid 
crystal display capable of completely compensating the contrast and 
obtaining the high contrast even if viewed from an oblique direction. 
SOLUTION: Optical compensation is carrier out using a uniaxial 
optically anisotropic sheet 36 and a biaxial optically anisotropic sheet 
38. In is desirable that the retardation of the uniaxial optically 
anisotropic sheet 36 is reverse tot the retardation of a liquid crystal 
layer 22 in positive and negative and the absolute value is >75% and < 
1 00%. The uniaxial optically anisotropic sheet 36 can be integrated 
into one body with a polarizing plate 34. The biaxial optically 
anisotropic sheet 38 desirably has a lagging axis parallel with a 
transmission axis of either of polarizing plates 32, 34, 190 nm-390 nm 
retardation in the plane and 0.28-0.67 retardation in the direction of 
thickness. 
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*NQJICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal display which has the 1st polarizing plate which has the transparency shaft 
of the predetermined direction, a 2 shaft optical anisotropy sheet, the liquid-crystal layer which consists 
of a nematic liquid crystal molecule which has the negative dielectric constant anisotropy which carried 
out perpendicular orientation, and the 2nd polarizing plate which has the transparency shaft which 
intersects perpendicularly with said predetermined direction in this sequence, and has a 1 shaft optical 
anisotropy sheet further between said liquid-crystal layer and said 2 shaft optical anisotropy sheet or 
between said liquid-crystal layer and said 2nd polarizing plate. 

[Claim 2] The retardation of said 1 shaft optical anisotropy sheet and the retardation of said liquid 
crystal layer are a liquid crystal display according to claim 1 with which the absolute value of the 
retardation of said 1 shaft optical anisotropy sheet is characterized by positive/negative being reverse 
and being 100% or less 75% or more of the absolute value of the retardation of said liquid crystal layer. 
[Claim 3] The liquid crystal display according to claim 2 with which retardation within a field of said 2 
shaft optical anisotropy sheet is characterized by being 190nm - 390nm. 

[Claim 4] The liquid crystal display according to claim 3 characterized by the retardation of the 
thickness direction of said 2 shaft optical anisotropy sheet being 0.28-0.67. 

[Claim 5] The liquid crystal display according to claim 2 with which retardation within a field of said 2 
shaft optical anisotropy sheet is characterized by the retardation of the thickness direction being 0.3- 
0.65 by 205nm - 315nm. 

[Claim 6] The liquid crystal display according to claim 1 with which the lagging axis within a field of said 
2 shaft optical anisotropy sheet is characterized by being the transparency shaft of said 1st polarizing 
plate or said 2nd polarizing plate, and abbreviation parallel. 

[Claim 7] The liquid crystal display according to claim 2 characterized by for said 1 shaft optical 
anisotropy sheet uniting with said 2nd polarizing plate, and preparing it. 

[Claim 8] The liquid crystal display according to claim 2 with which said 1 shaft optical anisotropy sheet 
is characterized by being triacetyl cellulose. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the so-called perpendicular orientation liquid crystal 
display which controls transparency and cutoff of light by impressing vertical electric field about an 
active matrix liquid crystal display to the liquid crystal layer which carried out orientation of the liquid 
crystal molecule which has a negative dielectric constant anisotropy especially perpendicularly, and 
carrying out orientation horizontally. 
[0002] 

[Description of the Prior Art] As an indicating equipment using a liquid crystal ingredient, the method to 
which electric field are applied in the perpendicular direction to a substrate is widely used using the 
liquid crystal layer which carried out the twist array of the nematic liquid crystal conventionally. In this 
method, two polarizing plates are arranged so that a polarization shaft may intersect perpendicularly up 
and down, and in order that [ of a liquid crystal layer ] a liquid crystal molecule may carry out orientation 
perpendicularly at the time of electric-field impression, black is usually obtained as image display. 
However, since the birefringence was produced with the liquid crystal molecule and the polarization 
direction rotated, when a display was seen from across, a perfect black display was not obtained, but 
contrast fell, and the light which penetrates a liquid crystal layer aslant in the condition that the liquid 
crystal molecule is carrying out orientation perpendicularly at the time of electric-field impression had 
produced the problem that the angle of visibility which can observe good image display was narrow. 
[0003] Moreover, in order to solve this problem, the liquid crystal display by the so-called in plane 
switching (IPS) mode which makes an parallel direction the direction of the electric field impressed to 
liquid crystal in recent years to a substrate is proposed. Since a liquid crystal molecule mainly rotates in 
an parallel field to a substrate in the case of IPS mode, the difference of the degree of the rate of a 
birefringence at the time of the electric-field impression at the time of seeing from across and un- 
impressing is small, therefore it is known that an angle of visibility will spread. However, in the IPS mode 
liquid crystal display, in order to prepare an electrode for example, with the opaque Kushigata 
configuration on one base material of the base materials which exist in the both sides of a liquid crystal 
layer, it has the trouble that a numerical aperture falls. The IPS mode liquid crystal display with a low 
numerical aperture is disadvantageous for a portable application like a notebook computer from a 
viewpoint of power consumption, and current is used mainly as an independent monitor in many cases. 
[0004] As a leading method of solving the above troubles and realizing the liquid crystal display of a high 
angle of visibility and a high numerical aperture, the liquid crystal display in perpendicular orientation 
mode is proposed. The liquid crystal layer which consists of a liquid crystal molecule which has a 
negative dielectric anisotropy is prepared between the parallel plate electrodes of two sheets. In the 
condition that the electrical potential difference is not impressed to the electrode, orientation of the 
liquid crystal molecule is perpendicularly carried out to the electrode. Moreover, as for the up-and-down 
polarizing plate, the polarization shaft of each other is arranged perpendicularly. At the time of 
electrical-potential-difference OFF, since incident light goes a liquid crystal layer straight on, the light 
which passed one polarizing plate and turned into the linearly polarized light is completely interrupted 
with the polarizing plate of another side, and becomes black [ image display ]. At the time of electrical- 
potential-difference ON, orientation of the liquid crystal molecule which has a negative dielectric 
anisotropy is carried out in parallel to the direction of 90 degrees, i.e., an electrode, to the direction of 
electric field. In this case, since incident light rotates by the liquid crystal layer which has a retardation, 
the light which passed one polarizing plate and turned into the linearly polarized light passes the 
polarizing plate of another side, and image display serves as white. 

[0005] In perpendicular orientation mode, although front contrast is very good, the viewing-angle 
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4 contrast of the direction of four directions worsens rather than IPS. For this reason, although using an 
optical compensation sheet is performed, the examination detailed about the size of the retardation of 
the perpendicular direction of a sheet about the direction and size of the retardation of the field inboard 
of a sheet is not made. It has announced that perfect compensation can be performed because Chen 
and others uses two 2 shaft sheets in SID'98 (SID'98 DIGEST 315 page). This is also giving an about 
50nm retardation to field inboard, and aims at the effectiveness of rotation of a polarization shaft. 
Although it is experimentally confirmed by this approach that optical compensation is possible, that 
reason is not necessarily clarified completely. Moreover, the 2 shaft optical anisotropy sheet of two 
sheets is needed up and down. 
[0006] 

[Problem(s) to be Solved by the Invention] Perpendicular orientation mode has one fault on a vision 
property theoretically. In perpendicular orientation mode, a black display is made using the liquid crystal 
molecule which carried out homogeneous orientation perpendicularly, and two polarizing plates arranged 
so that a transparency shaft may point out the direction of the upper and lower sides and right and left 
and may intersect perpendicularly to a screen transverse plane. When seeing a screen aslant from the 
direction in alignment with the transparency shaft of a polarizing plate, the transparency shaft of two 
sheets is in the physical relationship which intersect perpendicularly and is in sight, and a perfect black 
display is obtained from a homogeneous orientation liquid crystal layer having few birefringences which 
are produced in a TSUISUTEDDO mode liquid crystal layer again. On the other hand, since the 
transmitted light will produce a birefringence and light will leak so that it may understand also from it 
being in the physical relationship the angle which the transparency shaft of two polarizing plates makes 
seems to shift from 90 degrees if a screen is aslant seen from the direction [ shaft / of a polarizing 
plate / transparency ] shifted 45 degrees, sufficient black will not be obtained, but contrast will fall. In 
perpendicular orientation mode, since change of the retardation in the direction of a transverse plane 
and the direction of slant is not so large, the liquid crystal layer at the time of a black display has the 
remarkable fall of the contrast from the direction of 45 degrees more than IPS mode. 
[0007] Drawing 1 is as a result of [ of the contrast curve of the liquid crystal display in the 
perpendicular orientation mode of the conventional technique ] count. As for a halftone dot part, it turns 
out that the 50 or more contrast field is shown and the fall of the contrast in the include angle of 45 
degrees has arisen in four directions (zero azimuth, 90 degrees, 180 degrees, 270 degrees) to the 
polarization shaft of a polarizing plate. Moreover, as a result of the fall of contrast arising in four 
directions, reversal of brightness is also produced from black in the field of halftone. The fall of the 
contrast in such four directions was the fault in the very good perpendicular orientation mode of a vision 
property. The invention in this application aims at offering the liquid crystal display in the possible 
perpendicular orientation mode a perfect contrast compensation in the field of 80 degrees from a 360- 
degree omnidirection and zero polar angle. 
[0008] 

[Means for Solving the Problem] The 1st polarizing plate with which the invention in this application has 
the transparency shaft of the predetermined direction, and a 2 shaft optical anisotropy sheet, The liquid 
crystal layer which consists of a nematic liquid crystal molecule which has the negative dielectric 
constant anisotropy which carried out perpendicular orientation, It has the 2nd polarizing plate which has 
a transparency shaft perpendicular to said predetermined direction in this sequence, and is further 
related with the liquid crystal display which has a 1 shaft optical anisotropy sheet between said liquid 
crystal layer and said 2 shaft optical anisotropy sheet or between said liquid crystal layer and said 2nd 
polarizing plate. 

[0009] Moreover, the invention in this application relates to the liquid crystal display whose retardation 
of said 1 shaft optical anisotropy sheet is 100% or less 75% or more of a retardation of said liquid crystal 
layer. 

[0010] Furthermore, the invention in this application relates to the liquid crystal display whose 
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retar.dation within a field of said 2 shaft optical anisotropy sheet is 190nm - 390nm. 

[0011] Furthermore, the invention in this application relates to the liquid crystal display whose 

retardation of the thickness direction of said 2 shaft optical anisotropy sheet is 0.28-0.67. 

[0012] Furthermore, the retardation within a field of said 2 shaft optical anisotropy sheet is 205nm - 

315nm t and the invention in this application relates to the liquid crystal display whose retardation of the 

thickness direction is 0.3-0.65. 

[0013] Furthermore, the invention in this application relates to the liquid crystal display whose lagging 
axes within a field of said 2 shaft optical anisotropy sheet are the transparency shaft of said 1st 
polarizing plate or said 2nd polarizing plate, and abbreviation parallel. 

[0014] Furthermore, the invention in this application relates to the liquid crystal display with which said 

1 shaft optical anisotropy sheet is prepared by uniting with said 2nd polarizing plate. 

[0015] Furthermore, the invention in this application relates to the liquid crystal display said whose 1 

shaft optical anisotropy sheet is triacetyl cellulose. 

[0016] 

[Embodiment of the Invention] Hereafter, the contents of this invention are explained concretely. 
[0017] Although the thing of various methods exists in a liquid crystal display, the direction which 
generally realizes the clear display condition, i.e., a white display condition, that a liquid crystal layer 
carries out the maximum transparency of the light is easy rather than it realizes the maximum 
concentration display condition which carries out the maximum electric shielding of the light, i.e., a black 
display condition. Therefore, in order to raise display contrast, it is very important to indicate it high 
concentration by black. In various kinds of liquid crystal display methods, various consideration is paid 
[ how to attain sufficient black display ]. Although a liquid crystal molecule will be in a rotation condition 
or a perpendicular orientation condition from the former in the liquid crystal display in twisted nematic 
mode used widely at the time of no energizing or energization, it is easier to realize a black display in the 
state of homogeneous perpendicular orientation rather than it realizes a black display in the state of 
rotation. Therefore, there is much what has adopted a configuration which serves as a black display in 
the perpendicular orientation condition at the time of energization. In order to realize this, a polarizing 
plate is installed in the upper and lower sides of a liquid crystal layer so that the polarization shaft may 
intersect perpendicularly. In this case, since the light which penetrated one polarizing plate and turned 
into the linearly polarized light at the time of no energizing rotates in a liquid crystal layer, outgoing 
radiation is carried out from the polarizing plate of the opposite side and it becomes a white display, 
such a configuration is read with the normally white. On the other hand, since it is homogeneous 
orientation in IPS mode or perpendicular orientation mode at the time of no energizing, the configuration 
which serves as a black display at the time of no energizing, i.e., a normally black, is easier for 
adjustment. Therefore, in IPS mode and perpendicular orientation mode, the direction of a normally black 
is adopted widely. 

[0018] Drawing 2 shows the configuration in the perpendicular orientation mode of the conventional 
technique. Two polarizing plates 12 and 14 are arranged at the upper and lower sides of the liquid 
crystal layer 10 inserted between the electrodes (not shown) of two sheets, and the transparency shaft 
18 of a polarizing plate 12 and the transparency shaft 20 of a polarizing plate 14 lie at right angles. Since 
the light which carried out incidence from [ of a polarizing plate ] the transverse plane turns into the 
linearly polarized light which has plane of polarization in transparency shaft orientation and plane of 
polarization and a liquid crystal lagging axis are in the same direction or a perpendicular direction, the 
plane of polarization of the linearly polarized light penetrates the liquid crystal layer 10, without carrying 
out rotation etc., and a black display is obtained by being intercepted with the polarizing plate of the 
opposite side. 

[0019] However, the light which carried out incidence aslant from the polarizing plate is no longer 
intercepted with the polarizing plate of the opposite side. These people analyzed the cause analytically 
and established the approach of compensating the black condition in perpendicular orientation mode 
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nearly completely simply theoretically based on the following ideas. That is, the 1st is used and 
compensated for 1 shaft optical anisotropy sheet in order to make into zero the retardation of the liquid 
crystal layer of the direction (direction from which light escapes) of 45 degrees to a polarizing plate 
polarization shaft. When it does in this way, the linearly polarized light is still the linearly polarized light, 
even after passing along a liquid crystal layer and 1 shaft optical anisotropy sheet. A 2 shaft optical 
anisotropy sheet which is equivalent to lambda/2 plate which has [ 2nd ] the lagging axis of an parallel 
or perpendicular direction to the transparency shaft of a polarizing plate is added. Thus, the polarization 
shaft of the linearly polarized light can be rotated in the direction which is completely interrupted with 
the polarizing plate by the side of outgoing radiation. 

[0020] Drawing 3 and drawing 4 show the lamination of the liquid crystal display panel of the invention in 
this application. An electrode 28 and an electrode 30 are formed in the front face of a substrate 24 and 
a substrate 26, respectively, and the liquid crystal layer 22 which consists of a nematic liquid crystal 
molecule 23 which has the negative dielectric anisotropy which carried out perpendicular orientation is 
inserted between the substrate and the electrode of these pairs. The polarizing plates 32 and 34 of a 
pair are formed in the outermost part. It is prepared in the location where the 1 shaft optical anisotropy 
sheet 36 adjoins a substrate 26 or a substrate 24, and is prepared in the location where the 2 shaft 
optical anisotropy sheet 38 adjoins a polarizing plate 34. 

[0021] The 1st compensation by 1 shaft optical anisotropy sheet is explained. If a polar angle is set to 
theta, deltan of a liquid crystal layer can be expressed with the following formula. 

deltan={none / (no2sin2theta+ne2cos2theta) 1/2}-no — here, the refractive index of liquid crystal [ in / 
in ne / abnormality light ] and no are the refractive indexes of the liquid crystal layer in Tsunemitsu. 
Therefore, the retardation of the liquid crystal layer at the time of seeing from across is set to 
deltand(LC) =deltanxd/costheta. Here, d is the thickness of a liquid crystal layer, the retardation of the 
1 shaft optical anisotropy sheet when similarly seeing from across — deltand(Film) =deltaNxD/costheta 
— it is here, and D is the thickness of a 1 shaft optical anisotropy sheet, and is deltaN={NoNe / 
(No2sin2theta+Ne2cos2theta) 1/2}-No. In order to compensate the retardation which a liquid crystal 
layer has with a 1 shaft optical anisotropy sheet, it is necessary to materialize deltand(LC)+deltand(Film) 
=0. It follows, a liquid crystal layer has a forward refractive-index anisotropy, namely, in ne>no, it is 
necessary for a sheet to have Ne<Ne, i.e., a negative refractive-index anisotropy. 
[0022] Next, the 2nd compensation by the 2 shaft optical anisotropy sheet is explained. When it sees 
from across, the polarization shaft of the polarizing plate with which the upper and lower sides lie at 
right angles shifts from a rectangular cross seemingly. The light penetrated without being intercepted 
with the polarizing plate of the opposite side since it has a component parallel to the transparency shaft 
of the polarizing plate of the opposite side will produce the light which carried out incidence aslant from 
the polarizing plate, sufficient black display will not be obtained, but contrast will fall. If two arrow heads 
which it intersects perpendicularly that the light which carried out incidence to the polarizing plate from 
across has a component parallel to the transparency shaft of the polarizing plate of the opposite side, 
and form the alphabetic character of X (X) are seen from right above, two arrow heads may intersect 
perpendicularly, but if it sees from across, he can understand intuitively also from the include angle 
which distortion and two arrow heads make [ the alphabetic character of X ] shifting from 90 degrees. In 
order to improve the contrast fall produced when it sees from such slant, the optical compensation 
sheet of the 2 shaft optical anisotropy which has the following properties is prepared between a liquid 
crystal layer and a polarizing plate. 

[0023] The optically biaxial optical compensation sheet of the invention in this application is used in 
order to rotate the polarization shaft of the linearly polarized light. In the polarization shaft of light which 
carried out [ slanting ] incidence to the polarizing plate from the azimuth, and became the linearly 
polarized light having gone straight on as it is, in case the polarizing plate of the opposite side is reached, 
since the polarization shaft of the linearly polarized light and the polarization shaft of the polarizing plate 
of the opposite side do not intersect perpendicularly, the linearly polarized light is rotated on the way. 



Especially a desirable optical compensation sheet is a sheet in which the property near lambda/2 plate 
is shown. A retardation has a value of delta nd=lambda / 2 (lambda is the wavelength of light), and when 
the linearly polarized light from which plane of polarization phi Shifted [ lagging axis / of lambda/2 plate ] 
carries out incidence of the lambda/2 plate, it has the property to do 2phi rotations of the linearly 
polarized light. Here, the refractive index d of the direction (y-axis) where a x axis and the refractive 
index ny of the direction of refractive-index maximum max in a sheet surface (x axis) cross at right 
angles within a sheet surface in deltand=(nx-ny) xd, however nx is the thickness of a sheet. The light 
which reached the polarizing plate by the side of outgoing radiation becomes close to the linearly 
polarized light, so that the retardation of an optical compensation sheet is close to lambda/2. If it is 2 
[ 1/] the retardation value of this, i.e., about 190nm - about 390nm, which is about 380nm - about 
780nm which is the wavelength field of the light as an optical compensation sheet used for the liquid 
crystal display of the invention in this application, it can act effectively, and the contrast at the time of 
seeing from across about the light can be raised, and a viewing-angle property can be raised. 
[0024] Although seen from across therefore, the linearly polarized light becomes possible [ raising black 
display concentration more ] by rotating the linearly polarized light with the linearly polarized light with 
the 2 shaft optical anisotropy sheet which is equivalent to such lambda/2 plate in the part which shifted 
from the perpendicular to the transparency shaft of the polarizing plate by the side of outgoing radiation, 
and returning. Although such a 2 shaft optical anisotropy sheet does not have optical effect at all to the 
light from a transverse plane, it will demonstrate the effectiveness as lambda/2 plate to the light from 
slant. Below, when this point is seen from a transverse plane, the case where it has arranged so that the 
lagging axis within a field of a 2 shaft optical anisotropy sheet may become the transparency shaft of 
one of polarizing plates and parallel is made into an example, and it explains. 

[0025] Drawing 5 shows the physical relationship of the transparency shafts 52 and 54 of two polarizing 
plates when seeing from across, and the lagging axis 58 of a 2 shaft optical anisotropy sheet. The 
refractive index corresponding to the polarization shaft of two propers and it exists in a 2 shaft optical 
anisotropy sheet, and the shaft of the one where the refractive index of them is larger is called lagging 
axis. Although the absorption shaft of an up-and-down polarizing plate serves as an alphabetic 
character of X (X) flat seen from the direction of an azimuth of 45 degrees, since it crosses at right 
angles, the absorption shaft of a polarizing plate, and the transparency shaft, i.e., the polarization shaft, 
of a polarizing plate, the transparency shafts 52 and 54 serve as longwise X. The lagging axis 58 of a 2 
shaft optical anisotropy sheet has shifted from the transparency shaft 52 because differ from the 
refractive index within a field, namely, the refractive index of the thickness direction of a 2 shaft optical 
anisotropy sheet is optically biaxial. As for the transparency shaft 52 and the transparency shaft 54, 
only the include angle psi has shifted from 90 degrees. It can ask geometrically (P. Yeh, J.Opt.Soc.Am., 
72, P.507 (1982)), and psi at the time of the 45 directions of an azimuth and the direction theta 0 of a 
polar angle is [0026]. 
[Equation 1] 
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[0027] It is come out and expressed. If a lagging axis uses the 2 shaft optical anisotropy sheet which is 
the direction of a lagging axis 58, or a direction perpendicular to a lagging axis 58 and which has the 
property of lambda/2 plate the include angle which the plane of polarization (the same direction as the 
transparency shaft 52) of the light which passed the polarizing plate by the side of incidence, and the 
lagging axis 58 of a 2 shaft optical anisotropy sheet make — psi/2 — or (psi / 2+90 degrees) — it is — 
since — the plane of polarization of the linearly polarized light — a 2 shaft optical anisotropy sheet — 
an include angle psi — or (psi+180 degrees) — only — it rotates. Therefore, the plane of polarization of 
the linearly polarized light becomes possible [ intercepting light nearly completely in the polarizing plate 
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r v „ by the side of outgoing radiation ] in accordance with a shaft 56 (the transparency shaft 54 and 
rectangular cross) therefore. It experimented based on the above consideration and what contrast 
serves as [ the retardation Nz of the thickness direction ] max for in the 0.5 neighborhoods (that is, it 
has physical properties with the 2 shaft optical anisotropy sheet nearest to lambda/2 plate) became 
clear. Nz is [0028] here. Nz=(nx-nz)/(nx-ny) 

[0029] It is come out and expressed. It can be said that it is much more desirable to have such Nz since 
the value of a retardation shows the value near lambda/2 even if it is reported that the value of a 
retardation does not have angular dependence (H. Mori, P.J.Bos:IDRC'97Digest M-88 (1997)) and it is 
from slant, when it is Nz=0.5. 

[0030] As mentioned above, compensation of the perfect black condition in perpendicular orientation 
mode is realizable by combining a 1 shaft optical anisotropy sheet and a 2 shaft optical anisotropy sheet. 
If a 1 shaft optical anisotropy sheet and a 2 shaft optical anisotropy sheet exist between two polarizing 
plates, effective optical compensation can be performed, but in order to realize the maximum optical 
compensation, it is desirable to take the still more nearly following points into consideration. First, since 
the linearly polarized light can be rotated with the linearly polarized light if the 2 shaft optical anisotropy 
sheet of the optimal conditions is used, the configuration of that there is neither a liquid crystal layer 
nor 1 shaft optical anisotropy sheet between a 2 shaft optical anisotropy sheet and a polarizing plate is 
more advantageous to performing perfect black compensation. Next, in order to compensate before the 
light influenced of the retardation of a liquid crystal layer is influenced [ still more nearly optical ], it is 
desirable that it is in the physical relationship by which the 1 shaft optical anisotropy sheet adjoined the 
liquid crystal layer. Therefore, when the most desirable physical relationship is considered except for a 
substrate and an electrode, it is the order ( drawing 4 ) of the order ( drawing 3 ) of a polarizing plate 34, 
the 2 shaft optical anisotropy sheet 38, 1 shaft optical anisotropy sheet 36, the liquid crystal layer 22, 
and a polarizing plate 32 or a polarizing plate, a 2 shaft optical anisotropy sheet, a liquid crystal layer, a 1 
shaft optical anisotropy sheet, and a polarizing plate. 

[0031] It unites with a polarizing plate and the 1 shaft optical anisotropy sheet may be prepared. Since 
alignment with a polarization shaft or the lagging axis of a liquid crystal layer is not needed, even if it 
unites with a polarizing plate, it is easy for a 1 shaft optical anisotropy sheet to make a required function 
discover. When a polarizing plate has triacetyl cellulose (TAC) as a protective layer especially, it 
becomes unnecessary to prepare a 1 shaft optical anisotropy sheet separately by thick-film-izing the 
paint film of TAC by the side of the liquid crystal layer of a polarizing plate rather than the thickness of 
the usual protective layer. Typically, the 1 shaft optical anisotropy sheet required for cancellation of the 
retardation of a liquid crystal layer needs to have the retardation for example, around 300nm to TAC as 
a protective layer having the retardation for example, around 50nm. Therefore, the property as a 1 shaft 
optical anisotropy sheet which suits this invention can also be given to a polarizing plate by preparing 
the TAC paint film of a thick film which is equivalent to this. 
[0032] 

[Example] An example is shown below and the contents of the invention in this application are further 
explained to a detail. These examples do not show the example of the contents of the invention in this 
application, and the invention in this application is not limited to these examples. The optical simulation 
using the Jones matrix is calculating and examining the example. 

[0033] What is used from the former as an object for perpendicular orientation modes can use a liquid 
crystal cell, an electrode and a substrate, a polarizing plate, etc. as it is. The orientation of a liquid 
crystal cell is perpendicular orientation, and liquid crystal has the negative dielectric constant anisotropy, 
and can use what is developed and marketed for perpendicular orientation modes. The physical 
properties of a liquid crystal cell were set to eel gap:4.8micrometer of deltan:0.081 of liquid crystal, 
deltae:-4.6, and a liquid crystal layer, deltand of the liquid crystal at this time is 0.39 micrometers. Liquid 
crystal carries out orientation division at right and left. Since the approach using a projection as a 
method for carrying out orientation division is unnecessary also for rubbing, it is suitable. The 
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polarization shaft of an up-and-down polarizing plate makes the polarization shaft of an up-and-down 
polarizing plate intersect perpendicularly. The lagging axis within xy side of deltand=275nm of deltand=- 
0.35micrometer of the direction of the z~axis of 1 shaft optical anisotropy sheet and xy flat surface of a 
2 shaft optical anisotropy sheet, Nz=0.5, and a 2 shaft optical anisotropy sheet presupposes that it is 
parallel to one of the polarization shafts of two polarizing plates. 

[0034] Thus, if optical count is carried out using the wavelength of 550nm which is the typical value of 
the light, there will be no relief of a black viewing angle in the state of a black condition, i.e., electrifying 
[ no ], and optical compensation can be carried out in an omnidirection. Drawing 6 shows the result of 
the viewing-angle property of contrast in case there is a sheet to being as a result of [ in case a sheet 
does not have drawing 1 ] count. In drawing 1 and drawing 6 R> 6, the polar angle shows the result 
about the range of an omnidirection angle at 0 to 80 degrees, and the field where a black part becomes 
50 or more contrast is expressed. 

[0035] Ideally, this 2 shaft optical anisotropy sheet is x(nx-ny) d=270nm, and demonstrates 
effectiveness most at the time of Nz=0.5. drawing 7 — x (nx~ny) — the value of contrast when d (axis 
of abscissa) and Nz (axis of ordinate) change is shown. The shadow area shows the part from which the 
contrast in the case of 90 azimuths and the 80 directions of a polar angle becomes ten or more, (nx-ny) 
By xd=270nm, centering on the place of Nz=0.5, when x(nx-ny) d is 200nm - 320nm and Nz(es) are 0.25- 
0.7, it turns out that effectiveness is demonstrated greatly. 

[0036] a 2 shaft optical anisotropy sheet — one of the upper and lower sides — as much as possible, 
although an parallel thing is desirable, if it is specifically within the limits of **two gaps from parallel, it 
will become the polarization shaft of a polarizing plate with abbreviation parallel and the thing which can 
. fully be equal to practical use. Drawing 8 shows the include angle phi which the polarization shaft of a 
polarizing plate and the lagging axis of a sheet make, and the relation of transverse-plane contrast. In 
**2 times, 100 or more values are acquired and transverse-plane contrast can use a 2 shaft optical 
anisotropy sheet in the range of this phi. 

[0037] Even if deltand(s) of a liquid crystal layer differ, compensation of black level is possible by 
changing the retardation value of a 1 shaft optical anisotropy sheet. Drawing 9 is the result of asking for 
deltand of a 1 shaft optical anisotropy sheet in case deltand of a liquid crystal layer is 390nm, and the 
relation of contrast. Contrast is 80 polar angles and 90 azimuths, deltand of an actual sheet is a 
negative value and the axis of abscissa of drawing 9 shows the absolute value of deltand of a sheet, 
deltand of the optimal sheet is about 355nm, and five or more contrast is acquired in the range of 
300nm - 390nm. deltand of such a desirable 1 shaft optical anisotropy sheet is the range shown with the 
slash of drawing 10 . As drawing 10 shows, when deltand of a 1 shaft optical anisotropy sheet is 75 - 
100% of deltand of a liquid crystal layer, the remarkable effectiveness of using a 1 shaft optical 
anisotropy sheet is acquired. 
[0038] 

[Effect of the Invention] In the liquid crystal display in perpendicular orientation mode, it becomes 
possible to raise the viewing-angle property of the direction of slant, without making the property of the 
direction of a transverse plane change in any way, even if it is the configuration of using one 2 shaft 
optical anisotropy sheet by combining a 1 shaft optical anisotropy sheet and a 2 shaft optical anisotropy 
sheet. 

[0039] Even if the number of 2 shaft optical anisotropy sheets is one, the point in which a perfect 
compensation is possible is very advantageous as shown below. First, since the 2 shaft optical 
anisotropy sheet is expensive more generally than a 1 shaft optical anisotropy sheet, cost is reduced. 
Moreover, since the 2 shaft optical anisotropy sheet which needs alignment adjustment ends by one 
sheet, a manufacture process becomes simple. Furthermore, even if deltand of a liquid crystal layer 
changes, it is not necessary to change a 2 shaft optical anisotropy sheet, and it can respond by 
modification of the easy 1 shaft optical anisotropy sheet of adjustment of a retardation. Since a 1 shaft 
optical anisotropy sheet can also be easily united with a polarizing plate, consequently one sheet can be 
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omitted as a whole, it is especially advantageous. Furthermore, since it can take as a configuration also 
when [ not only ] perpendicular when the physical relationship of the adjoining polarization shaft of a 
polarizing plate and an adjoining 2 shaft optical anisotropy sheet is parallel, whenever [ on a design / 
allowances ] improves. 

[0040] Moreover, a perfect optical compensation is theoretically realizable by using the 2 shaft optical 
anisotropy sheet which has a predetermined retardation. 

[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the contrast curve of the liquid crystal display in the 
conventional technique. 

[Drawing 2] It is drawing showing the lamination of the liquid crystal display in the conventional 
technique. 

[Drawing 3] It is drawing showing the lamination of the liquid crystal display in the invention in this 
application. 

[Drawing 4] It is drawing showing the lamination of the liquid crystal display in the invention in this 
application. 

[Drawing 5] It is drawing showing the interrelation of the shaft of the layered product in the invention in 
this application. 

[Drawing 6] It is the graph which shows the high contrast field of the liquid crystal display in the 
invention in this application. 

[Drawing 7] It is the graph which shows the contrast curve of the liquid crystal display in the invention 
in this application. 

[Drawing 8] It is the graph which shows the contrast curve of the liquid crystal display in the invention 
in this application. 

[Drawing 9] It is the graph which shows deltand of a 1 shaft optical anisotropy sheet, and the relation of 
contrast. 

[Drawing 10] It is the graph which shows the relation of the combination of deltand of a liquid crystal 
layer, and deltand of a 1 shaft optical anisotropy sheet. 
[Description of Notations] 
10 22 Liquid crystal layer 

23 Nematic Liquid Crystal Molecule 
12, 14, 32, 34 Polarizing plate 

18, 20, 52, 54 Transparency shaft 

24 26 Substrate 
28 30 Electrode 
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36 1 .Shaft Optical Anisotropy Sheet 
38 2 Shaft Optical Anisotropy Sheet 
56 Shaft 
58 Lagging Axis 



[Translation done.] 
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